A study was conducted to evaluate the basic chemical composition, organic acids and volatile compound profiles of ultra-high-temperature milk samples sold in Turkey. The organic acids were determined by reverse-phase highperformance liquid chromatography method, and volatile compounds were analyzed by headspace solid phase micro-extraction/gas chromatography/ mass spectrometry technique. A total of 43 volatile compounds including 4 aldehydes, 5 alcohols, 10 ketones, 9 acids, 9 aromatic hydrocarbons, 3 nitrogenous, 2 sulfur containing compounds, and 1 alkane hydrocarbon, were identified in the ultra-high-temperature milk samples. The main compounds were found to be oxime methoxy phenyl, 2-heptanone, 2-mercapto-4-phenylthiazole, 2-amino-5-ethoxycarbonyl benzophenone, acetic acid, 2,6,10,14-tetramethyl pentadecane, and 2-nonanone. The main organic acid in the ultra-high-temperature milk was citric acid a mean value of 133 mg/100 mL, followed by formic, lactic, succinic, oxalic, acetic, orotic, propionic, pyruvic, hippuric, and uric acids.
Introduction
In ultra-high-temperature (UHT) treatment, milk is heated at temperatures higher than 130°C (usually 138-145°C) for a holding time of 1-10 s (usually 3-5 s), followed by aseptic packaging. [1] UHT process increases the shelf life of milk up to 6 months at room temperature by destroying spoilage bacteria and inactivating enzymes. However, UHT processing of milk and its subsequent storage leads to the chemical changes such as whey protein denaturation, isomerization of lactose (lactulose), Maillard browning, and the formation of various volatile compounds (VCs). [2] [3] [4] The extent of these changes depends on many factors such as the type of UHT heating, the combination heat and time, the quality of initial raw milk, and the duration and temperature storage. [5] [6] [7] [8] In general, UHT milk is characterized by an increase in the amount of methyl ketones, [9, 10] hydrocarbons, [4] aldehydes, [10, 11] and sulfides. [12] The content and profiles of VCs identified in UHT milk are related to the fat content of milk, the intensity of heat treatment, the homogenization process (pressure/temperature) and the storage conditions. [6, 7, 13, 14] VCs are not only responsible for the characteristic flavor of a food, but also for its off-flavors. Knowledge of VCs in UHT milk will be important to determine the acceptability of the product to the consumer. Even if UHT milk is within microbiologically and chemically acceptable limits, it has a limited shelf life.
During heating of milk, lactose undergoes reactions that have important consequences for the milk: results in compounds such as formic acid, acetic acid, pyruvic acid, hydroxyl methyl furfural, and furfuryl alcohol. Formic acid, organic acid (OA), is primarily responsible for the increased acidity of heated milk. [5, 15] Formation of hydroxyl methyl furfural can indicate the severity of heat-treatment. [2] Among currently available volatile extraction techniques, solid-phase micro-extraction (SPME) is the relatively new analytical technique for the extraction of flavor compounds. It is a simple, fast, and solvent-free technique.
[16] SPME-gas chromatography-mass spectrometry (GC/MS) technique has been used in analysis of volatiles of milk. [4, 13, 17, 18] In the present study, we sampled the UHT milks with the similar expiration date and fat content in order to elimination the effects of storage period and fat content on VCs. Therefore, we aimed to determine the changes in VCs and OA contents in the UHT milk samples with the similar basic nutrient components, packing materials, and the expiration date. OAs are minor constituents of milk, which have important physiological and/or technological roles. To our knowledge, no studies on the volatile organic compounds (VOCs) and OAs of UHT milk sold in Turkey have been published. Therefore, the objective of this study was to study the VOCs, OA contents and basic nutrient constituents of UHT cows' whole milk samples obtained from the different brands.
Materials and methods

Sampling
The 11 samples of UHT milk with fat (≤3% and <3.3%) packed aseptically in 1000 mL Tetra Brik Cartons produced at different factories were collected on the markets, which are the most popular brands in Turkey. Three lots of each UHT milk sample were obtained from the same brand. The all UHT milk samples were analyzed within 90 days before their expiration date. The samples were immediately transferred to laboratory under cold chain after purchasing.
Gross-chemical analyses
The total solid content was determined by gravimetric method using an oven (Binder, FD115, Germany). [19] Total nitrogen was measured by the micro-Kjeldahl method [20] using the Gerhardt the Gerhardt KB 40S digestion and Vapotest distillation systems (C. Gerhardt, Bonn, Germany). The pH, specific gravity, and fat values of milk were determined according to the procedure reported in Turkish Standard Institution [21, 22] using a pH meter (Orion, Thermo, Beverly, MA, USA), a lactodansimeter and Gerber centrifugate, respectively. The titratable acidity was determined by titrimetric method with 0.1 N NaOH as percentage of lactic acid. [23] The ash content was quantitated by dry ashing the samples in a muffle furnace (Protherm, PLF 110/10, Turkey) at 550°C for 24 h. The total carbohydrate was calculated by the sum of lactose, glucose, and galactose. All gross-chemical analyses were performed in duplicates from each lot.
OA and sugar analysis
The analysis of OA and sugar was performed according to the procedure described by Fernandez-Garcia and McGregor [24] with minor modifications. In order to extraction of OAs and sugars, UHT milk was dissolved in 10 mM sulfuric acid 4:1 (v/v) sample-to-solution ratio and centrifuged at 5697 × g for 7 min at 5°C. The upper layer was filtrated by paper (Whatman No. 1), and followed by filtration using 0.45-μm syringe type filter (Millex Polyvinylidene difluoride (PVDF) Millipore, Billerica, MA, USA). Separations were carried out in an automated high-performance liquid chromatography system (HPLC-20 AD Prominence, Shimadzu, Kyoto, Japan) using an ion exchange column (Aminex HPX-87 H, 300 × 7.8 mm, BIO-RAD, Hercules, CA, USA) according to the procedure reported by Guler. [25] OA and sugar (lactose, glucose, and galactose) standards were purchased from Sigma-Aldrich GmbH (Steinheim, Germany) and Supelco (Bellefonte, PA, USA), respectively. OA and sugar solutions were prepared in distilled deionized water, filtered through a 0.45-μm syringe filter (PVDF, Millipore, Billerica, MA, USA) and injected into the HPLC system to provide standard lines based on the peak for each OA and sugar. Linear regression curve-based peak areas were calculated for the individual OA and sugar. The data points from calibration curves were subjected to a least square regression analysis. The coefficients of determination (R 2 ) obtained were 0.9998.
VC analysis
The VCs of UHT milk samples were extracted by using the headspace (HS)-SPME. The VCs extraction was performed in triplicate by using 50/30 µm DVB/CAR/PDMS (divinylbenzene/carboxen/polydimethyl siloxane) fiber (Supelco, Bellefonte PA, USA). Ten grams of the milk sample was immediately transferred in 20 mL HS vial containing 3.0 g NaCl, to inhibit any enzyme reaction (Agilent, Palo Alto, CA, USA). Vials sealed using crimp-top caps with PTFE/silicone HS septum (Agilent, Palo Alto, CA, USA). After preliminary trials, for extraction of VCs the vials were kept at 55°C for 30 min in a water bath then SPME fiber which was conditioned (260°C for 1 h) before being placed in sample HS was inserted to the HS vial and held for 20 min at constant temperature for adsorption process of VCs. When the fiber was inserted in injection port, temperature procedure was started. Thedesorption of VCs from fiber was performed in the injection port at 260°C for 5 min in splitless mode. The VCs were separated on a HP-INNOWAX capillary column (60 m × 0.25 mm id × 0.25 μm film thickness) connected to the coupled 6890 GC and 5973 N MS (Agilent, Palo Alto, CA, USA). Helium was used as the carrier gas at a flow rate of 1 mL min −1 . The oven temperature program was initially held at 50°C for 5 min and then programmed from 50°C by a ramp of 5°C min 1 up to 100°C and then at 10°C min −1 to reach a final temperature of 230°C, which was held for 15 min. The mass spectrometry (MS) detector was operating in the scan mode within a mass range of 20 to 350 m z −1 at 1 scan s −1 , with electron energy of 70 eV. The interface line to MS was set at 250°C. The total analysis time was 56 min. VOCs were identified by computer-matching of their mass spectral data against the Wiley7n.1 and Nist 02.L. GC-MS libraries (Agilent).The identities of most VOCs were confirmed by their GC retention time (RT) and the ion spectra of authentic standards (Sigma-Aldrich, Milwaukee, WI, USA). Retention indices (RI) were also determined for all constituents using a homologous series (C5-C25 and C7-C40) of n-alkanes (Sigma-Aldrich, Milwaukee, WI, USA) at the same chromatography conditions. The results from the VOC analyses were expressed as the percentage composition of each compound, from its integrated peak area relative to the total integration of peaks of all compounds identified.
Results and discussion
Basic chemical composition
The chemical composition of the UHT milk samples is shown in Table 1 . The mean values (as g/100 mL) for non-fat dry matter, fat, protein, total carbohydrate, ash, titratable acidity, pH, and specific gravity of the UHT milk samples collected were 8.14 ± 0.27, 3.12 ± 0.12, 2.92 ± 0.10, 4.01 ± 0.86, 0.72 ± 0.08, 0.18 ± 0.02 (as lactic acid), 6.67 ± 0.12, and 1.0316 ± 0.001, respectively. Non-fat dry matter, fat, protein, titratable acidity, and specific gravity values were consistent with those stated by the Turkish Food Codex for UHT milk and raw cow milk. [26] The results obtained for fat and protein were in consistent with the values on package but total carbohydrate was markedly low. This could be attributed to the degradation of lactose depending on the severity of heat-treatment or the type of UHT process used since at both higher temperatures and indirectly heated UHT milk lactose reacts in the Maillard reaction with milk proteins or isomerizes into lactulose through the Lobry de Bruyn-Alberda van Ekenstein transformation. [5, 27] The mean values for titratable acidity, pH, and ash were similar to those in UHT milk stored at 20°C for 3 months [28] and at 5ºC for 2 months, [29] but lactose was low. The fat and protein contents of UHT milk samples had a coefficient of variation at below 5% as being standardized to the values reported in legal regulation whereas titratable acidity, carbohydrate and ash values showed a coefficient of variation at above 5%. This is probably due to the different storage temperatures and heat-treatment norms along with initial raw milk quality since the storage conditions at above 20°C and severe heat-treatment caused a significant decrease in lactose and ash, and increase in titratable acidity. [28] OAs OAs occur in raw milk as a result of normal animal metabolism. Animal-(genetics, stage of lactation, ruminal fermentations, and udder infections) and feed-(grain, dietary protein intake, seasonal, and regional effects) related factors may account for variations in OA in raw milk. [30] [31] [32] With these factors the raw milk keeping conditions and the technological process (the severity and method of heat-treatment and homogenization pressure and temperature) and subsequent the storage conditions affect the concentrations of OAs in UHT milk. [3, 5, 33] There is no available data in literature on the variations and concentrations of OAs in UHT milk samples. The OAs in UHT milk samples are given in Table 2 . Compared to basic nutrient components with exception total carbohydrate, the OAs showed a wide variation from milk to milk, with coefficient of variation ranging from 10.10 to 59.70%. Citric, formic, succinic, and lactic acids were determined in all milk samples as the most abundant OAs. Citric and succinic acids are intermediate products in tricarboxylic acid (TCA) cycle, which ranged from 94.74 to 203.26 mg/100 mL and from 23.03 to 71.70 mg/100 mL with a mean value of 132.99 and 44.69 mg/100 mL, respectively. The mean value of citric acid was slightly lower than the findings of Güler [25] and Garnsworthy, Masson, Lock, and Mottram [30] for raw cow milk, but was similar to that (1439 mg/L) in pasteurized milk. [34] As reported by Igual, García-Martínez, Camacho, and Martínez-Navarrete [35] the heat treatment might have been led to a decrease in citric acid. Changes in the concentration of succinic acid of milk have been relatively little studied. The mean value of succinic acid was slightly lower than that reported by Gadaga et al. [36] for UHT milk, and was higher than those (265 and 104 mg/L) in raw milk and pasteurized milk. [32, 33] Compared to citric acid, succinic acid showed a wide coefficient of variation (35 versus 23%) which could explain that succinic acid has been derived from the different sources such as the oxidation of fatty acids during heat-treatment [33] and the fermentation of cellulose by cellulolytic bacteria in ruminants. [37] As shown in Table 2 , the mean values of lactic and formic acids were higher than the findings (588 and 402 mg/L, respectively) of Ruas-Madiedo et al. [34] for cow milk pasteurized at 63°C for 30 min. This may be due to a more intense heat treatment since formic acid is known as advanced Maillard reaction product. [5, 38] It was reported that formic acid increased 150 times in sterilized milk compared to pasteurized milk. [33] Formic acid is primarily responsible for the drop in pH. [31] This confirmed that UHT milk with the highest formic acid had the lowest pH value. Interestingly, the coefficient of variation of lactic acid was close to that of titratable acidity (Tables 1 and 2 ). This may explain that lactic acid has a determinant effect on titratable acidity of milk. Acetic, pyruvic, propionic, and butyric acids were determined in all UHT milk samples. These acids as well as formic acid and lactic can derive from the degradation of lactose and amino acid depending on the severity of heat treatment. [31] Besides, succinic, lactic, acetic, propionic, pyruvic, butyric, oxalic, and formic acids are fermentation products of energy metabolism in ruminants, [37] which can increase depending on anaerobic fermentation in silage and poor environment conditions. [39] Recently, formic acid has been used as a preservative and antibacterial agent in livestock feed, might have been passed from feed into milk. [40] Orotic, uric, and hippuric acids are non-protein nitrogen (NPN) compounds, which are partly intermediate products of the protein metabolism of the animal. The mean values of orotic, uric, and hippuric acid were within ranges reported by Indyk and Woollard, [41] Larsen and Moyes, [42] and Gadaga et al. [36] for raw cow milk. Compared to uric acid, orotic acid showed a wide coefficient of variation (56 versus 18%). This could be attributed to the origin of NPN compounds since orotic acid is an intermediate of pyrimidine metabolism in mammalian tissues, whereas uric acid is a product of degradation of the purine nucleosides. [41] Celestino et al. [15] reported a significant increase in NPN of UHT during storage due to the decomposition of the proteins by reactivated proteolytic enzymes.
VCs
A total of 43 VCs were identified in UHT milk, including 4 aldehydes, 5 alcohols, 10 ketones, 9 acids, 9 aromatic hydrocarbons, 3 nitrogenous, 2 sulfur containing compound, and 1 alkane hydrocarbon ( Table 3 ). The number of VOCs identified in UHT milk samples was greater than those in previous studies [4, 8, 11, 13] where were ranged from 8 to 32. Nitrogenous containing compounds were the most abundant, accounting for 46.44% of total VOCs identified in all the UHT milk samples, followed by ketones (24.50%), acids (16.94%), aromatic hydrocarbons (9.35%), sulfur compounds (7.96%), alkane (5.37%), alcohols (2.94%), and aldehydes (0.99%) in decreasing order (Fig. 1) .
However, only 19 of 43 VOCs were found in the least nine UHT milk samples, which accounted for about 91.73% of total volatiles identified (Table 4) . Among them, oxime methoxy phenyl (46.07%), 2-heptanone (16.75%), 2-mercapto-4-phenylthiazole (7.41%), 2-amino-5-ethoxycarbonyl benzophenone (6.11%), acetic acid (5.87%), 2,6,10,14-tetramethyl pentadecane (pristine; 5.37%), and 2-nonanone (4.29%) were the most abundant VOCs identified in UHT milk samples.
The chemical groups of VOCs identified in UHT milk samples were similar to those previously determined by authors. [4, 8, 11] As far as we know, 2-mercapto-4-phenylthiazole, 2-amino-5-ethoxycarbonyl benzophenone and 2,6,10,14-tetramethyl pentadecane (pristane) were identified in the volatile profile of UHT milk for the first time. The occurrence of these compounds may be associated to the severity of heat treatment applied to milk and the interaction between packaging material and milk.
As shown in Table 3 , ketones were the major VOCs in all UHT milk samples, in terms of their number. In two UHT milk samples, are the most popular brands in Turkey, ketones were identified as the most abundant VOCs, in terms of their percentage composition. This result was in accordance with previous findings in conventional UHT milk. [8] [9] [10] [11] Ketones 2-pentanone, 2-heptanone, 2-nonanone, 2-tridecanone, 2-undecanone, and δ-decalactone were identified in all UHT milk samples. As shown in Table 4 , 2-heptanone was the most abundant ketone, ranged from 8 to 33%, which followed by 2-nonanone and 2-undecanone, ranged from 1.77 and 0.26% to 11.14 and 2.41%, respectively. 2-Heptanone and 2-nonanone have a major impact on the flavor of heat-treated milk, [10] which are responsible for the development of a "ketone" and "stale" flavor in UHT milk. Ketones such as 2-heptanone and 2-nonanone having a higher carbon number can be formed as a consequence of heat treatment by both β-oxidation of fatty acids, followed by decarboxylation [43] and the decarboxylation of a β-ketoacid, naturally biosynthesized in the mammary gland. [9] Thus, methyl ketones are predominantly originated in the lipid fraction depending on the type of UHT process used. In previous studies, [4, [9] [10] [11] it has been reported that increase in methyl ketones progresses throughout the storage period following initiation of heat-induced oxidation with high homogenization pressure. In the present study, methyl ketones showed a wide variation among brands, ranged from 23.17 to 68.16%. This may be related to the differences in the severity of heat treatment and in the homogenization pressure and temperature among brands, and also the different storage temperatures since UHT milk samples analyzed had a similar expiration data and fat contents.
Nitrogenous-containing VOCs were dominant group in the nine UHT milk samples, in terms of their percent composition. Among their, oxime-methoxy phenyl was present in the highest concentration, ranged from 33.38 to 58.10%. There is little information on oxime-methoxy phenyl. This compound has previously been found in micro-filtered pasteurized milk as dominant VOC, [18] and also in ultrapasteurized milk packaged in polyethylene terephthalate containers [29] and reconstituted milk. [44] Oximes are may be formed by reaction aldehydes or ketones with a nitrogen-containing reducing agent in a weakly acidic medium during the high heat treatment and/or homogenization since aldehydes were detected in UHT milk samples at trace levels and samples with low ketone percentages had a high level of oxime-methoxy phenyl.
From aromatic organic compounds consisting of a benzene ring, benzaldehyde and phenol were identified in all UHT milk samples at trace levels as previously reported. [6] In UHT milk, benzaldehyde and phenol are described as heat-generated compounds. [45] Two-amino-5-ethoxycarbonyl benzophenone was not found in one UHT milk sample only, and in the remaining samples its percentage ranged from 2.3 to 11.8%. This compound may be formed as a result of interaction between milk and packaging material since benzophenone, a main component of UV inks, is the most widely used both the outer surface of packaging materials as photoinitiator and the production of PE plastic. [46] Benzophenone was previously found in UHT milk packed with cartons printed with ultraviolet (UV)-cured inks at high levels, which increased with increase in fat content of milk. [46, 47] The problem of benzophenone migration in milk from packaging material printed with UV-cured inks is of great interest since several adverse and harmful effects are attributed to benzophenone. [48] Nevertheless, no migration limit has yet been fixed by either European legislation or Turkish food codex.
Pristane, C14 isoprenoid alkane, was found in the nine of 11 UHT milk samples and its percentage ranged from 3.0 to 13%. Pristane has previously been detected in bovine milk, [49] which is derived from pyrolysis or thermal degradation of α-tocophenol (vitamine E) as major source. [50] The high pristane percentages in most milk samples may be due the high α-tocophenol, which was not analyzed.
As far as sulfur compounds are concerned, dimethyl disulfide (DMDS) and 2-mercapto-4-phenylthiazole (4-Phenylthiazole-2-thiol) were detected in our research. The both compounds were not found in two of 11 UHT milk samples. With a mean value of 7.40%, 2-mercapto-4-phenylthiazole was markedly higher than DMDS (Table 4) . Thiazoles have previously been found in milk powder with "popcorn" flavor note. [51] The high percentages of thiazole in most UHT milk samples may indicate an intense heat treatment since thiazoles are the secondary reaction products formed from amino acids phenyl alanine and methionine during the Maillard reaction. [52] In previous studies, [6, 11, 12] DMDS was found to be the most abundant sulfide in UHT milk, whereas it disappeared or decreased to trace level within 2 or 3 months during storage. [6, 53] In our study, the low percentages of DMDS may be due to oxidation of the reducing sulfur compounds during storage or the detection technique used since MS may not be sensitive enough for compounds with sulfur.
Regarding on acids, acetic, butanoic, hexanoic, octanoic, and decanoic acids were identified in all milk samples, accounted for approximately 15.47% of VOCs identified in UHT milk samples. The majority of acids varied from the brand to brand. In most UHT milk samples, acetic acid was detected as major acid. Free fatty acids of short-chain length could be produced from hydrolysis of milk triglycerides by heatresistant lipases or from lactose by heat treatment. Similarly, Vegas and Roussis [13] reported an increase in butanoic, hexanoic, octanoic, and decanoic acids in pasteurized milk compared to raw cow milk. Acids identified in this study have previously been found in milk pasteurized by microfiltration and ultrapasteurized milk with dominance of hexanoic and octanoic acids, respectively, [18, 29, 44] who indicated that pasteurization with microfiltration caused a greater increase in acids than pasteurization only. Although the fat content of commercial UHT milk samples analyzed is standardized to values of ≤3% and <3.5% as UHT whole milk, the values of free fatty acids showed a wide variation from brand to brand, ranging from 25.78 to 87.96%. This could be attributed to the different process technology, quality of initial raw milk and the high storage temperatures since the contents of free fatty acid are increased in UHT milk produced from the raw material with the largest number of psychrotrophic bacteria and stored at the high temperatures [54] and also in milk pasteurized by microfiltration. [18, 29, 44] Although ethanol was found in all the samples at trace levels, 2-furan methanol, 2-pentanol, and 2-ethyl-1-hexanol were determined in some UHT milk samples as the major alcohols. These alcohols may be formed by the reduction of aldehydes, were previously identified in milk powder. [55] Straight-chain-aldehydes such as pentanal, hexanal, heptanal, and nonanal were sporadically identified in UHT milk samples, are lipid oxidation products. The authors [4, 11, 12] have been reported that aldehydes increase with high pressure and heat treatment at high temperature but decrease with the extended store. In the present study, when compared to the other VCs the high levels of alkane (pristine) and oxime-methoxy phenyl and the low levels of aldehydes may indicate the minimum level of free oxygen in milk samples.
Conclusions
This is one of the first reports for the VC profiles and OA contents in UHT whole milks sold in Turkey with a large number of VCs and the mixture of OAs using SPME-GC-MS and reverse-phase-HPLC, respectively. Compare to protein and fat, lactose, OAs and VCs showed a wide coefficient of variation in UHT milks. No definite conclusion can be drawn concerning these differences, because all the samples were collected from supermarkets. In general, UHT milk samples had the high percentages of oxime methoxy phenyl, 2-mercapto-4-phenylthiazole and 2-heptanone and also the high concentration of formic acid and the low levels of lactose which did not confirm to values on package. Due to the high benzophenone percentages in the most UHT milk samples, the attention of legislative authorities may be focused on the potential migrants from packaging inks into milk. Furthermore, a long-term goal of this research is to compare UHT milks with the different fat contents and to determine the correlations between individual aroma compound and flavor attributes in UHT milks stored at the same conditions.
